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(54) (Title of the Invention] 

PRODUCTION OF DOUBLE THERMOPLASTIC POLYESTER 



RESIN LAMINATE STEEL PLATE SUPERIOR IN ADHESION AND 
PROCESSABIUTY 

(57) [Abstract] 

[PURPOSE] To provide a method for manufacturing double themoplastic polyester resin laminate steel plate 
superior in adhesion and processability. 

[CGNSTTTUTION] A thermoplastic polyester resin is laminated on each surface of a steel plate (2) by a T-die . 
extrusion method After one surface is laminated (4), a T-die extrusion laminate is conducted (5) on the other 
surface by setting the temperature of Ae steel plate to 100**C or over and 150*C or below. The double laminate 
steel plate thus obtained is re-heated at a temperature of 160**C or over and 230'C or below for a 2 to 20 seconds 
(6) and is immediately cooled down (7). 

[Effect] By conducting the second laminate process at a temperature of ISG^C or lower, the thermoplastic 
polyester resin film laminated in the first process is prevented from being flawed by a near-sur&ce roll during the 
second laminate process. By re-heating the laminate after the double laminate process, the adhesion of the 
laminate film with the steel plate is improved. 
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[CLAIM] 

[CLAIM 1] A method for laminating thermoplastic polyester resin on botfi sides of a steel plate by a T-die 
extrusion method superior in adhesion and processability, characterized in that, after one surface has been 
laminated, a T-die extnision laminating is conducted while keeping the temperature of the steel plate at the time 
of laminating the odier surface to 150 degrees C or lower and 100 degrees C or over, and the double-laminated 
steel plate is re-heated for two seconds or longer and 20 seconds or shorter at the temperature of 160 degrees C 
or higher and 230 degrees C or lower, and dien it is cooled down immediately. 



Ipetailed description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a method for manufacmring a double thermc^lastic 
polyester resin laminate steel plate superior in adhesion and processability. The steel plate manufactured with the 
medjod under the present invention can be used for materials of containers such as various kinds of containers 
for canning and aerosol cans. 

[0002] 

[Prior Art] For a method for manufacturing a double thermoplastic polyester resin laminate steel plate intended 
for the use with containers, a method wherein a thermoplastic film manufactured in advance is diermally adhered 
onto a heated steel plate is used in general (JP Publication No. S58-82717A, JP Publication No. S61-20736A, JP 
Publication No. S6I.149340A, JP Publication No. S6M49341A, and JP Publication No, HI-249331A). 

-[6003] 

[Problem to be Solved by the Invention] However, the heal laminating method needs to manufacture a film in 
advance, and therefore it has a disadvantage feat the manufacturing c st of a laminated steel plate bee mes high. 
Moreover, an adhesive agent is necessary for the bonding, or otherwise, in case no adhesive agent is used, the 
operating conditions such as the temperature of a steel plate and lamination roll temperature during the 
lamination process needed to be managed severely. 

[0004] Unlike the heat laminating metiKxi of a fihn, in the case f a T-die extrusion method, a double-sided 
simultaneous laminating is difQcult due to the restrictions in the arrangement of equipment Therefore, it is 
necessary to lanunate ne side by using an extruder first, and subsequentiy to laminate another side by using 
another extruder. At this time, it is possible to arbitrarily choose the steel-plate side temperamre during the first 
extrusion lamination by the extruder. However, during the second extrusion, it is difficult to achieve the 




laminati n in high temperature since a thermoplastic resin is laminated on the reverse side. That is, if a steel 
plate is heated exceeding the softening point of a thermoplastic resin laminated on the reverse side, the laniinated 
film is softened, and it is possible not only that a roll crack is transferred, but such changes as crystallization and 
thermal shrinkage will occur on the film when a thermoplastic polyester resin is used Therefore, even in case a 
thermoplastic polyester resin of the same kind is laminated on both the front and the reverse sides, 
inconveniences such as the deterioration in the workability and die adhesiveness of the flrst-iaminated film may 
happen to occur. 

[0005J The objective of die prevent invention is to manufacture a laminate steel plate superior in adhesion and 
processability on both of its sid^ by laminating a thermoplastic polyester resin directly on both sides of the steel 
plate by using resin pellets under die T-die extrusion method. 

[0006] 

[Means for Solving the Problem] The scope of the present invention refers to a method for manufacturing a 
double diermoplastic polyester resin laminate steel plate superior in adhesion and processability, characterized in 
that, in a method for laminating a thermoplastic polyester resin on both sides of a steel plate imder the T-die 
extrusion method, after laminating one side, a T-die extrusion lamination is performed on the o&er side while 
keeping the steel plate temperature of 150 degrees C or lower and 100 degrees C or higher, the both-side 
laminated steel plate is re-heated at a temperature 160 degrees C or higher and 230 degrees C or lower for two 
seconds or longer and up to 20 seconds, and then the steel plate is cooled down immediately. 

[0007] 

[Operation] It became clear that a double thermoplastic polyester resin laminate steel plate featuring the 
anticipated )>erforniance can be obtained, first by performing the second extrusion laminating at a temperature of 
150 degrees C or lower and 100 degrees C or higher, re-heating the steel plate, and then cooling it down after 
retaining it at a specified temperature for.a certain period of time. 

[OOOS] Hereinafter, the present invention will be explained in detail. 

[0009] Fig. 1 shows an example of a manufacturing fecility to implement a manufacturing method according to 
the present invention. A steel band 2 which is rolled out of a rewinding reel 1 is first heated to the predetermined 
temperature in a heating roll 3. Next, one side is laminated by a T-die 14, and subsequently the other side is 
laminated by a T-die 115. The steel belt where both sides are laminated is re-heated by an induction heater 6, 
cooled down by warm water of 30 degrees to 70 degrees C in a cooling bath 7, dried up in a drying furnace 8, 
and then taken up by a take-up reel 9. Fig. 1 only shows an example of a heating method and a cooling mediod, 
and die present invention is iK>t limited to diese specific heating and cooling methods in the manu&cturing 
method according to the present invention. 

[0010] Hereinaft^, the contents according to the present inventicm will be described step by step along with the 
raanu&ctw^ 

[001 1] First, for a steel plate to be used according to the present invention, an electro-tinplate, a tin-free steel, an 
electro-galvanized steel plate, etc., which are materials commonly used for containers, may be used. However, 
the present invention is not limited to tfiese g^ecific materials. 

[0012] Although it is not necessary to particulariy limit the heating temperature of the steel band to be applied 
prior to the first extrusion lamination, it is preferable to set it to 150 degrees C or lower, since, if an extrusion 
lamination is performed at an excessive high temperature, the laminated thermoplastic polyester resin will be 
crystallized before die other side is subsequently laminated. In addition, it should be noted that the lower limit of 
the steel plate temperature at this time is 100 degrees C, and at a temperature below 100 degrees C, the adhesion 
between the steel plate and the laminate film cannot be secured. 

[0013] Next, as for the temperature of the second extrusion lamination, it is necessary that the steel plate 
temperature at this time should be 150 degrees C or lower, or preferably 130 degrees C or below, and 100 
■, ripf>rpi^ r or hiphpr In ra^sp fhp <;rppl platp rpmppramrp ic ISO rf^^gr^ P hifihrr, Thr film th n t h i- ; b een 
laminated through the first extruder will be softened. As a result, various problems that are not desirable in terms 
of the appearance of a product will occur including those that the pattern of the laminate roll (which implies 
polishing patterns and sliding scars of a laminate roll) will be trarisferred, patterns that occurred in the 
subsequent heat treatment phase will remain.' In addition, such other problems that the adhesion and the 
processability of a laminate steel plate will be deteriorated because the crystallization will slightly proceed 
depending on the composition of a resin and the crystallization cannot be reduced even duough the heat 
tttatment phase. Therefore, the second extrusion lamination should be performed at the temperature of 150 
degrees C or lower, r preferably at a temperature of 130 degrees or below where the thermoplastic polyester 
resin will not be crystallized. In addition, Ae reason why the temperanire of 1 00 degrees C or higher is set is tiiat 
there is a risk that the laminate film and the steel plate may be peeled off during the plate feeding process before 
the re-heating since the primary adhesi n between them is not secured below 100 degrees C. 




[0014] The steel plate, both sides of which is extnision-laminated with a thennoplastic polyester resin, is cooled 
down after being retained for 2 to 20 seconds at a temperature range of 160 degrees C or higher and 230 degrees 
C or lower. The objective of this process is to improve the adhesion between the extrusion-laminated film and 
the steel plate, and thus ensuring processability such as the deep drawing. Here, the lower limit value should be 
limited since the adhesion cannot be secured at a temperature of 160 degrees or below or for the heating time of 
less than two seconds. On the other hand, if heating is carried out at a temperature of 230 degrees C or over, a 
part of the film will be melt, thus causing voids between the film and the steel plate, and therefore, the heating 
should be conducted at a temperature of 230 degrees C or below. In addition, if the heating time exceeds 20 
seconds, particularly when the steel plate is retained at a temperature ranging from 160 degrees C and 200 
degrees Q the ciystallizalion of thermoplastic polyester resin will proceed, and not only the adhesion between 
the steel plate and the filin will not only be secured, but the processability will be deteriorated. Consequently, it • 
is necessary to limit die time to retain the temperature of the steel plate to 20 seconds or shorter. 

[0015] As for the conditions for cooling to be conducted after heating the steel plate, the present invention will 
not be limited to any specific conditions. However, as described in the above, since die crystallization of 
themioplastjc polyester resin will proceed when the steel plate is retained for 20 seconds and plus at a 
temperature between 160 degrees C and 200 degrees C, it is necessary to cool it down as quickly as possible. It 
was confirmed through a survey that a double laminate steel plate superior in adhesion and processability could 
be obtained with smaller crystallization when the steel plate is cooled down at the rate of 1 degree C per second. 
The cooling rate of 1 degree C per second can be secured through a normal cooling method (standing to cool in 
the atmosphere), and therefore the present invention will not be limited to any specific cooling rate. However, a 
preferred method for cooling the steel plate is to use warm water, as shown in Fig. I, in terms of controlling the 
temperature records. 

[0016] It should be noted tiiat, as for a themioplastic polyester resin according to the present invention, such a 
resin in which a slight modification, blending, alloying, etc. are performed based on the principal constinienl of 
PET (polyethylene terephthalate) may be used. That is, in the case of a pure PET, the speed of crystallization is 
slow and the adhesion with a steel plate is inferior. For a method for covering die shortcomings of PET, glycol 
ingredients such as propylene glycol and neopentyle glycol may be used as a replacement of ethylene glycol, or a 
copolymer PET which uses acid components of adipic acid, sebacic acid, naphthalene-2, 6-dicarboxylic acic^ etc. 
as a replacement of isophthalic acid. Also, a polyester resin featuring a mixed composition wherein pure PET 
and PI (polyethylene isophthalate) is blended, alloy-ized resin in which an ester interchange is partially 
performed, etc. may be usable. Furdiermore, a resin wherein a polyethylene or polypropylene resin is alloy-ized 
to the above-stated resin constituents is also usable. That is, a modified polyester resin whose principal 
constituent is PET may be used according to intended use, and the present invention is not specifically limited to 
constituents of a tiiermoplastic polyester resin. 

[0017] 

[First- Embodiment] A polyeiliylene terephthalate isophtiialate copolymer resin (isophthalate/terephthalate ratio: 
1/4 (a terephthalate constittient is 80%)) was laminated to a tin-free steel (Cr coating: 80mg/m^) which is dun- 
chromium plated on both sides in the thickness of 30 micrometers under the T-die extnision method, first by 
changing the steel plate temperature. Subsequently, a white thennoplastic polyester resin which is obtained by 
mixing titanium oxide with the same resin constituent by the weight ratio of 15% was laminated to the odier side 
in the thickness of 30 micrometers under the T-dic extrusion method. 

[0018] Then, after heating die above-described double laminate steel plate at various temperatures for various 
periods of time, the steel plate was cooled down by using warm water of 60 degrees C and dried with warm air to 
be products. Investigations were inade on samples of these products for various characteristics as materials for a 
container. Table 1 shows the summarized results. It should be noted that, as for the evaluation item of T Peel 
Strength Coating Film Failure after Cup-drawing*2 and Appearance of Laminated Surfece in Table I, 
evaluations were made on the first laminated surface, and for Filiform Corrosion Resistance •3, evaluations were 
made on die second laminated surface. , 
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Tea 
No. 



10 

TT 

12 



StccI 
Ptaie 

mist 



150 



130 



MO 



130 



130 



130 



130 



130 



130 



90 



130 



130 



130 



130 



StcdPbic 

Is 
Lfixntnatc 



120 



120 



120 



145 



100 



120 



120 



120 



160 



90 



130 



130 



130 



130 



Hcatmf 
Temp. * 
degree C 



ISO 



ISO 



180 
ISO 



ISO 



225 



160 



160 



180 



180 



150 
235 



170 
220 



Healing 
Tune 
Sec. 



10 



18 



10 



10 



10 



10 



25 



•I 

T^jcd 
Strength 
kg/czn 



Brnkacc 



•2 
Cosling 
Fito 

BftcrCup 
Reducsag 
(mA) 



0.0 



0.0 
0.0 
0.0 



0.0 



0.0 



0.0 



0.0 



0.0 



0.5 



0/2 



0.6 



0.5 



0:8 



Evaiuatton 
Foint for. 
Fiiifonn 

Rcstssance 



Appearanc 
c of Is 

Laminaied 
Surface 



Good 



Good 



Good 



Good 



Good 
Good 



Good 
Good 



Roll 
Pattem 
Cftasc 
occui red 



Good 



Seed 
occurred 



Whitenin 



Good 



Ovcnll 



00 



00 



00 



00 



00 
00 



00 



00 



X 
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Secoid Embodiment] Various ihennoplastic polyester resins were laminated, at the steel plate ^mperature of 
130 degrees C to tin-fiee steels (Cr coating: 80mg/m^) which is thin-chromium plated on both sides m the 
thickn^ of 30 micrometers under the T-die extrusion method. Subsequently, a white thermopile polyester 
resin which is obtained by mixing titanium oxide with the same resin constituent as that of the first T^ie 
extrusion by the weight ratio of 15%, was laminated to the other side in the diickness of 30 microm^eis under 
the T^ie extrusion method. The steel plate temperanire at this time was in the range of 130 degrees C and 110 
degrees C 

[0021] The above-mentioned double lamination steel plate was heated for 10 seconds at 170 degrees C 
Subsequently the steel plate was cooled down with wami water 60-degree C, and dried with warm air to be 
pitxiucts InvUtigations were made on samples of these products for various charactenstics as matenals for a 
a)ntainer Table 2 shows flie summarized results. It should be not^ that, as is the case with Table 1, as for die 
evaluation items *! and *2, evaluations were ina^^^ on tiie fust iMiinated surface, and for the ncm 3^ 
evaluations were made on the secbiid lariiinaSi surfeice. 

[0022] 





^ : ■ 1 
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No. . 


Polyetbylene 
TeiephlhaJate 
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Isof^thalate 
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T-pttI Strength 
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1 


90 


. 10 
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4 
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50 
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5 


Film Breakage 
FiliB Breakage 


0.0 
0.0 


4 
4 



[0023] Methods for testing are as f Hows. 

[0024] ♦! T Peel Intensity: T Peel intensity was measured after two specimens were thermally fused to|ether. 
The thermal fusion was performed at 240 degrees C for 10 seconds under a pressurized staftis {5kg^cm ). The 
specimens were cooled down to the room temperanire after the thermal fusion, and T Pec mtensity was 
measured. 

[0025] ^2 Coating Film Failure after Cup Reducing: A cup reducing of 50mm (diameter) x 30mm (hei^t) was 
performed. A 1J% NaCl solution was put in this cup, Aen a cathode was inserted in Ae center, and then flie 






voltage of 6.0V was applied between an electrode of the cathode and the cup. The current uiiich flows between 
the electcode.and the cup was measured. 

[0026J *3 Filiform Corrosion Resistance: A crosscut was engraved on the resin layer of a laniinated surfece of a 
specimen by using an edged knife, and the specimen was subjected to a neutral salt spray test for three hours. 
After the salt water test, the sample was subjected to an aging for one month under the atmosphere of 50 degrees 
C and 80% relative humidi^. The status of occurrence of filiform corrosion after the aging -was compared and 
evaluated with a standard sample in five grades where 5 is '"excellent** and 1 is '^lure^ 

[0027] As shown in Table 1, the double laminate steel plate manufactured a method according to the 
present invention has outstanding adhesion and processability. On the other hand, those steel plates whose steel 
plate temperature during the laminating process or conditions for ^e thermal treatment after the laminating 
process is inadequate was found to present bad appearance of the laminated surface or inferior adhesion and 

processability. 

[0028] As shown in Table 2, it is revealed that the present invention can be applied to thermoplastic polyester 
resins with various composition and is an excellent mediod for manufacturing double laminate steel plate 
superior in. adhesion and processability. 



[Effects of the invention] With a method according to the present invention, double thermoplastic polyester resin 
laminate steel plate having excellent characteristics can be manufactured easily. 

[Brief Description of tiie Drawing] 

[Fig. I] is a drawing showing an example of a manufacturing facility which performs a manufacturing method 
according to the present invention. 

[Description of Numerals] 

1 Rewinding Reel 

2 Steel Band 

3 Heating Roller 
4TDieI 
STDiefl 

6 Induction Heater 

7 Cooling Bath 



[0029] 



- 8-DtyingFumace 

9 Take-i^ Reel 
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